Abstract: In this study, oxaliplatin (OX) liposomes surface-modified with glycyrrhetinic acid (GA) were developed by the film-dispersion method. Their morphology, physical and chemical properties, and in vitro release performance were investigated. The transmission electron microscope (TEM) image showed that most liposomes were spherical particles with similar size and uniform dispersion. Both OX-liposomes and GA-OX-liposomes had an average size of 90 nm. They were negatively charged, with zeta potentials of -20.6 and -21.3 mV, respectively, and the entrapment efficiency values of both were higher than 94%. In vitro data showed that the application of liposomes could prolong the OX release. The relatively high correlation coefficient values obtained from analyzing the amount of drug released versus the square root of time depicted that release followed the Weibull model. No significant changes were observed after the addition of GA to the liposomes. In vivo, the relatively long time to reach the maximum plasma concentration of OX-liposomes suggested a sustained-release profile of liposomes, which was consistent with the results of the in vitro release study. The increased area under the curve and maximum plasma concentration of OX-liposomes and GA-OX-liposomes demonstrated an increased absorption. The drug concentration in tissues indicated that the GAmodified liposomes delivered OX mainly to liver after intravenous administration. In addition, no severe signs, such as appearance of epithelial necrosis or sloughing of epithelial cells, were detected in histology studies.
Introduction
Hepatocellular carcinoma (HCC), the fifth most common cancer worldwide and rarely detected at an early stage, is usually fatal within months of diagnosis, resulting in 500,000 deaths per year. 1, 2 It frequently occurs in the setting of chronic liver disease (hepatitis B or C virus-related) and cirrhosis, and Child-Pugh functional status dictates the chances of treatment. 3 Despite introduction of potentially curative treatments, such as liver resection and orthotopic liver transplantation, the prognosis is generally poor, as only 10%-37% of patients are suitable surgical candidates because of advanced tumor or poor hepatic functional reserve. 4 Thus, chemotherapy is chosen to be the first-line treatment for advanced cancer patients, despite the fact that HCC is a relatively resistant tumor, with response rates ranging from 0% to 29% in randomized controlled trials.
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chen et al combination therapy for HCC. In many clinical studies, OX has been shown to present activity against advanced or metastatic HCC. 9 Although OX has been proven to be associated with a lower level of adverse reaction than cisplatin and carboplatin, it still has the toxicity common to all platinum-based drugs, which seriously limits its clinical application. 10, 11 Consequently, targeting carriers for such agents have attracted increasing attention as efficient drug delivery systems that increase efficacy and lower systemic side effects.
The liposome was one of the first nanomolecular drug delivery systems to show increased delivery of smallmolecular-weight anticancer drugs to solid tumors, by altering the biodistribution of the associated drug. That being the case, liposomes have caught intensive attention during the past 30 years, which has led to the approval of several liposomal drugs for clinical application evaluation. [12] [13] [14] The application of liposomes can, not only increase accumulation of drug within the tumor sites but also, reduce the amount of drug that can penetrate healthy tissues and, thereby, lessen systemic toxicity. Due to the aforementioned merits of liposomes, repeated studies have focused on utilizing liposomes for the targeted delivery of OX, with cases in point including polyethylene glycol (PEG)-liposome 15 and cationic liposome. 16 Glycyrrhetinic acid (GA) is a hydrolysis product of glycyrrhizin. Both of these are the main compounds of Glycyrrhiza glabra L. (licorice) and have been used in treating hepatic disease. It has been shown that there are specific GA and glycyrrhizin binding sites on the cellular membrane of rat hepatocytes in vitro and that the number of binding sites for GA is much higher than that for glycyrrhizin; 17, 18 furthermore, the amount of GA receptors in tumor tissue has been found to be 1.5-to 5-fold that in normal tissue. 19 Recently, some GA-modified vectors have been developed, including GA-PEG/chitosan nanoparticles, 20 GA-modified poly(ethylene glycol)-b-poly(c-benzyl l-glutamate) micelles, 21 GA-modified liposomes, 22 and GA-PEGylated cationic liposomes. 23 All of these results imply that GA may be used as a novel ligand for hepatocyte-targeting.
In this study, OX liposomes surface-modified with GA were developed by the film-dispersion method. Their morphology, physical and chemical properties, and in vitro release performance were examined; unmodified liposomes were also investigated, as a contrast. Moreover, pharmacokinetics and biodistribution studies of OX-GAliposomes were done to provide a reference for clinical application.
Materials and methods Materials
OX ( Figure 1A ) (purity 99.3%) was supplied by Zhongcheng Pharma Co, Ltd (Hubei, People's Republic of China). Egg phosphatidylcholine and high-purity cholesterol were donated by Phospholipid Tech Ltd, Shanghai, People's Republic of China. Carboplatin ( Figure 1B ) (internal standard) was obtained from the Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai, People's Republic of China. All other chemicals and reagents were of at least analytical grade. Purified water prepared from a Milli-Q ® deionization unit (Millipore, Bedford, MA, USA) was used throughout.
The experiments were performed on rats weighing 210±20 g and mice weighing 22±2 g. The animals were kept in cages at a temperature of 25°C±2°C, and with a 12:12 light-dark cycle. Food and water were freely available. All experiments were performed in strict accordance with the Guide for the Care and Use of Laboratory Animals as adopted by the China National Institutes of Health.
Preparation of ga-OX-liposomes
Liposomes were prepared by a modified film-dispersion method. 24 3-Succinyl-30-stearyl glycyrrhetinic acid (18-GA-Suc), synthesized previously, 25 was used to modify the OX-liposomes. Briefly, a mixture of egg phosphatidylcholine, cholesterol, 18-GA-Suc, and OX (weight: 100, 25, 7, and 10 mg, respectively) was dissolved in 10 mL dichloromethane in a round-bottomed flask. The organic solvent was removed at 25°C-30°C by rotary evaporation. The vacuum was maintained overnight to remove any traces of solvent. Then, the resulting lipid film was hydrated with a 4 mL phosphate-buffered saline (PBS) buffer (pH 7.4) at 37°C for 2 hours, followed by sonication for ten cycles at 1,000 bar with an ultrasound probe (EmulsiFlex™-B15; 
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A novel glycyrrhetinic acid-modified oxaliplatin liposome Avestin Inc., Ottawa, ON, Canada) to form the GA-OXliposomes. Production of the OX liposomes was similar to that for GA-OX-liposomes, but the weight ratio of egg phosphatidylcholine, cholesterol, and OX was, respectively, 100, 25, and 10 mg.
characterization
The morphology of the GA-OX-liposomes was observed using a transmission electron microscopy (TEM) apparatus (JEM-1230; JEOL, Tokyo, Japan). A drop of sample placed on a carbon-coated copper grid was negatively stained with 2% phosphotungstic acid and then viewed and photographed.
Particle size and zeta potential of the liposomes were measured using a Zetasizer Nano ZS analyzer (Malvern Instruments, Malvern, UK). Briefly, 15 µL of prepared liposomes were diluted 100-fold with ultrapure water and shaken, prior to its measurement at 25°C. The dynamic light scattering data was collected using a helium laser as the light source, and mean results were provided by photon correlation spectroscopy.
Entrapment efficiency (EE%) and drug loading (DL%)
The DL% and EE% were calculated as described earlier. 26 Firstly, OX was extracted from the liposomes with 0.25 mol/L of sodium chloride solution and methanol (3:7 v/v), and then the extracted solution was properly diluted prior to high-performance liquid chromatography (HPLC) analysis. The content of OX in the liposomes was determined by the HPLC method described below. Then, DL% and EE% were calculated according to Equations 1 and 2:
where WP is the weight of initial feeding polymer, WM is the weight of drug incorporated in the liposomes, and WF is the weight of the initial feeding drug.
in vitro release
In vitro drug release was investigated via the dialysis bag method. First, 2 mL of GA-OX-liposomes, OX-liposomes, and free OX were each placed in cellulose ester dialysis bags (molecular weight =10,000). These bags were then put into 30 mL of PBS buffer (pH =7.4) and heated at 37°C±0.5°C. The OX contents (1 mL) in the dialysate, at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, and 24 hours, were determined by HPLC. The supernatant (10 µL) was then directly injected into the HPLC system and analyzed for the released OX. The release profiles were plotted and fit using different in vitro release models.
stability
Stability studies of the liposomes were carried out at temperature of 25°C±2°C and relative humidity of 60%±5% for a period of 2 weeks and at 4°C±1°C for 6 months, according to the guideline of International Conference on Harmonisation. 27 The accelerated storage temperature and long-term storage temperature were 25°C±2°C and 4°C±1°C, respectively. The stored samples were tested for their EE%, particle size distribution, and physical changes.
Pharmacokinetics evaluation
Eighteen rats were used to investigate the effect of liposome formulation on the pharmacokinetics of OX after intravenous (IV) administration. Rats were divided into three groups at random and given a single dose of 20 mg/kg of GA-OX-liposomes, OX-liposomes, and free OX, respectively, by venous injection. Blood samples (0.5 mL) were collected into heparinized tubes from the caudal vein at 2, 5, 15, and 45 minutes and at 1, 2, 4, 8, 12, and 24 hours after IV administration. Blood was immediately processed for plasma by centrifugation at 3,000× g for 10 minutes. Plasma samples were frozen and maintained at -70°C until analysis.
histology studies
After pharmacokinetics evaluation, all 18 rats were used to investigate the histopathological change of liposomes after a single IV administration of the formulation (20 mg/kg). Animals (including the free OX control group) were anesthetized, and their hearts, livers, spleens, lungs, and kidneys were dissected and washed with cold saline. The organs were pressed between filter pads, weighed, and then fixed in 10% neutral formalin, using standard techniques, and stained with hematoxylin and eosin for histopathological examination. All tissue samples were examined and graded under a light microscope, with 500× magnification.
Biodistribution studies
Ninety Kunming strain mice were used in the experiment to assess the effect of liposomes formulation on the biodistribution of OX after IV administration. The mice were divided into three groups at random and given a single dose Diethyldithiocarbamate solution (0.5 mL), NH 3 -NH 4 Cl buffer (pH 9.0, 0.5 mL), and carboplatin solution (10 µL, 1 mg/mL) were added into the plasma (100 µL) or tissues (100 mg). After incubation in the water bath (37°C) for 30 minutes, the ether (5 mL) was added to the mixture. After centrifugation for 20 minutes (3,000 rpm), the supernatant was kept in water bath (50°C) to evaporate the ether. Finally, chloroform was added into the residue, and the solution was centrifuged for 10 minutes (12,000 rpm). Finally, 20 µL of supernatant was injected into the HPLC system for analysis.
statistical analysis
Results were presented as the mean ± standard deviation (SD). Analysis of variance (ANOVA) was used to identify the statistical significance of the differences among groups. Statistical significance was evaluated using Student's t-test for the single or multiple comparisons of the experimental groups.
Results and discussion characterization
In this study, OX-liposomes surface-modified with GA were developed using a film-dispersion method. The morphology of the liposomes was observed by TEM, and the results were displayed in Figure 2 . The TEM image shows that most liposomes were spherical particles with similar size and uniform dispersion. The average sizes of the OXliposomes and GA-OX-liposomes, both 90 nm, are displayed in Table 1 . The two liposomes were negatively charged, with 
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A novel glycyrrhetinic acid-modified oxaliplatin liposome zeta potentials of -20.6 and -21.3 mV, respectively, and the EE% values of both were higher than 94%. No significant changes were observed following the addition of 18-GA-Suc to the liposomes. It is crucial to select proper quality attributes as the target profile at the beginning, for optimization of GA-OXliposomes. Since the EE% affects the quality and clinical effects of the liposomes to a great extent, 28 the evaluation of EE% is a regulatory requirement. Additionally, the particle size should be controlled, considering the principle of injection administration. A previous report pointed out that when the particle size is less than 100 nm, aggregation in the liver is obvious, because it is trapped by the sinusoidal tubules in the liver and spleen. 29 In a liposome system, the hydrophilic compound is usually encapsulated into the inner water phase, while the lipophilic compound is generally entrapped between lipid bilayers.
in vitro release
The in vitro drug release behavior of GA-OX-liposomes was studied using a dialysis method. The release profiles of free OX, OX-liposomes, and GA-OX-liposomes are shown in Figure 3 . It was noticed that the release rate of OX-liposomes was significantly lower than that of free drug. Over 95% of the hydrophilic free OX was released in the initial 4 hours. In comparison, the OX-liposomes released 39% of drug in the initial 4 hours, then 30% of the entrapped OX was further released during the subsequent 20-hour incubation. The OX release profile was prominently prolonged by the liposomal encapsulation. However, no significant changes were observed in terms of release characteristics following the addition of 18-GA-Suc to the liposomes. The in vitro release was kinetically analyzed according to the zero-order, first-order, Higuchi, and Weibull models. The relatively high correlation coefficient values obtained from analyzing the amount of drug released versus the square root of time depicted that release followed the Weibull model, as was shown in Table 2 . In vitro data showed that the application of liposomes could prolong the OX release. The sustained release of OX revealed its applicability as a drug delivery system that could minimize the exposure of healthy tissues, while increasing the accumulation of therapeutic drug in tumor sites.
stability
The particle size and EE% in the long-term storage conditions did not vary to a large extent in the GA-OX-liposomes, and a maximum size increase of 4.4 nm was seen in the 6 months after the date of manufacture. The formulations were stable for 0.5 month under accelerated storage conditions at 25°C±2°C and 60%±5% relative humidity. A maximum particle size increase of 2.4 nm was observed. The average particle size did not vary appreciably, and the physical-chemical characteristics changes were found to be Drug Design, Development and Therapy 2015:9 submit your manuscript | www.dovepress.com
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Pharmacokinetic studies
The plasma concentration-time profiles of free OX, OX-liposomes, and GA-OX-liposomes after IV administration are shown in Figure 4 , and the pharmacokinetic parameters are summarized in Table 4 . The results showed that the plasma concentration-time curves of free OX, OX-liposomes, and GA-OX-liposomes all fit with the open two-compartment model. As shown in Table 4 , the distribution half-life of OXliposomes (0.63 hour) and GA-OX-liposomes (0.58 hour) was shorter than that of free OX injection (0.76 hour), suggesting that OX-liposomes were taken up by other tissues more rapidly than was free OX. The area under the curve of OX in the GA-liposomes and liposomes was, respectively, 4.4-and 3.2-fold that of OX injection (P0.05). The clearance of OX-liposomes and GA-OX-liposomes was 17.6 and 15.9 L/h, respectively, smaller than that (28.3 L/h) of the free OX. Conversely, free OX had a larger clearance as compared with the free OX, possibly due to the fact that the injection had a larger volume of distribution than did the liposome. The relatively short time to reach maximum plasma concentration of OX-liposomes suggests a sustained-release profile of liposomes in vivo, which is consistent with the results of the in vitro release study. The increased area under the curve and maximum plasma concentration of the OX-liposomes and GA-OX-liposomes demonstrates an increased absorption.
histology studies
Histopathological examination of heart, liver, spleen, lung, and kidney was carried out for detection of any damage to the tissue. Microphotographs were taken of heart, liver, spleen, lung, and kidney, 24 or more hours after a single IV administration (20 mg/kg) ( Figure 5 ). Free OX was used as the control. No severe signs, such as appearance of epithelial necrosis or sloughing of epithelial cells, were detected.
Biodistribution studies
The free OX, OX-liposomes, and GA-OX-liposomes were all taken up by the heart, liver, spleen, lungs, and kidneys of mice. Figures 6-8 reflect the tissue distribution results in samples taken 1, 4, 8, 12 , and 24 hours after injection of the OX preparations into the caudal vein of mice. The total amount of drug accumulated in each organ within 24 hours (AUC 0-t ) was calculated, and the results are shown in Table 5 . OX-liposomes were passively targeted to the tissues of heart, liver, lung, and kidneys, where the AUC value was 1.24-to 1.77-fold higher than for the free OX injection group, but was 0.94-fold lower in spleen. In contrast, GA-OX-liposomes rapidly accumulated in liver, reaching particularly high levels in the liver just 1 hour after injection. The drug concentration in tissues indicated that the GA-modified liposomes delivered OX mainly to the liver after IV administration. In the liver, 
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A novel glycyrrhetinic acid-modified oxaliplatin liposome The ratio was aUc (ga-OX-liposomes)/aUc (OX-liposomes). there were significant differences between the GA-OX-liposomes; OX-liposomes, and free OX injection (P0.05), but not in other tissues. A prior in vitro study found that specific GA binding sites exist on the cellular membranes of rat hepatocytes. 30 Another study indicated that GA-modified nanocarriers had increased affinity for human hepatic or HCC. 31 However, no studies specifically looked at the application of GA and OX. The present study shows that the concentration of OX was higher with GA liposomes, indicating that GA modification is a good candidate strategy for the targeting of hepatic cells and that this mechanism deserves further study.
Conclusion
In this study, OX liposomes surface-modified with GA were developed by the film-dispersion method. In vitro data showed that the application of liposomes could prolong the OX release. The TEM image showed that most liposomes were spherical particles with similar size and uniform dispersion. In vivo, the increased area under the curve and maximum plasma concentration of the OX-liposomes and GA-OX-liposomes demonstrated an increased absorption. The drug concentration in tissues indicated that the GAmodified liposomes delivered OX mainly to the liver, after IV administration. In addition, no severe signs, such as appearance of epithelial necrosis or sloughing of epithelial cells, were detected in the histology studies.
